INTRODUCTION
Autonomous locomotion (self-propelling) of droplets driven by various physico-chemical mechanisms attracted widespread attention of researches in the last decade. [1] [2] [3] [4] [5] [6] [7] [8] [9] Various mechanisms of self-propelling have been introduced including the use of gradient surfaces [1] [2] [3] , involving the Leidenfrost effect [5] [6] [7] , exploiting microstructured surfaces [5] [6] [7] . Self-propelling of micro-scaled objects 10 and macroscopic bodies such as a camphor boat [11] [12] [13] was investigated. Self-propelling supported by solid [1] [2] [3] and liquid [14] [15] surfaces was reported. An interest to self-propelling systems arises from the numerous applications, including lab-on-chip systems, targeted drug delivery and microsurgery. [16] [17] This paper reports the self-propulsion of liquid marbles filled with aqueous alcohol solutions deposited on a water surface. Liquid marbles are non-stick droplets coated with colloidal particles. When attached to the surface of a liquid droplets, colloidal particles allowed manufacturing the so-called liquid marbles, which are nonstick droplets, presenting an alternative to the lotus-inspired superhydrophobicity. [18] [19] [20] Liquid marbles demonstrated a diversity of promising applications, including encapsulation, microfluidics, cultivation of microorganisms, gas-sensing, miniaturized synthesis and water storing. [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] Liquid marbles could be actuated by various stimuli including chemical actuation [21] [22] and electrical and magnetic fields 24, 28, 29 . Our paper relates the effect of self-propelling to the interplay of the Leidenfrost effect and the In some experiments, the marbles contained a 0.1 wt.% solution of phenolphthalein and NaOH was added to the water supporting the liquid marbles at a concentration of 0.1 wt.%. This was to detect if any of the marble contents entered the supporting water phase.
RESULTS AND DISCUSSION
Liquid marbles containing aqueous ethanol solutions were placed on the surface of various liquids contained in a Petri dish, as described in the Experimental It should be emphasized that aqueous alcohol solutions filling the marbles did not touch the supporting liquid surface. This was proved by placing of a marble containing phenolphthalein on water solutions of NaOH (see also ref. 38) . No coloring of water below was observed under the self-propulsion of marbles meaning that moving marbles are isolated from the supporting liquid by a vapor layer, as occurs in the Leidenfrost effect. [39] [40] The complicated geometry of the vapor layer, depicted schematically in Figure 5 (a) was treated in detail in ref. 41 . However, the typical value of the velocity of the center of mass of marbles was
which is an order of magnitude lower than the velocity observed for Leidendfrost water droplets. [39] [40] We relate this observation to the action of a water drag as will be discussed below in detail below.
What is the physical mechanism of the self-propulsion of liquid marbles?
Remarkably self-propulsion occurs under breaking the spherical symmetry of marbles, i.e. the liquid marble, which evaporation is spherically symmetric, has no inherent reason for running. Consider the spontaneous increase in evaporation of alcohol from the marble in the direction of -x (recall that alcohol evaporates from a marble much faster than water), depicted in Figure 5 (a). This increase will not only drive the marble in the direction of +x but also will give rise to a fascinating instability, driving marbles. Indeed, alcohol, condensed on a water surface (as shown in Figure 5 (a)) will decrease its surface tension, resulting in the Marangoni solutocapillary flow [42] [43] [44] [45] in the direction of -x. This flow in turn enhances the evaporation, withdrawing vapor from the layer, separating the marble from the supporting liquid (as shown with a green arrow in Figure 5(a) ). The introduced instability displaces a marble in a direction of +x.
If the self-propulsion of marbles is related to the evaporation of alcohol resulting in the Marangoni flow, it is reasonable to suggest that the increase of the alcohol concentration in the marble will give rise to the larger velocities of their locomotion. This tendency was observed experimentally, as shown in Figure 6 , representing the velocity of the center of mass of marbles as a function of the alcohol concentration in a marble.
If it supposed that a marble is driven by a solutocapillary Marangoni flow, the driving force may by qualitatively written as a a F dr
, where   is the modulus of the jump (lowering) of the surface tension due to the condensation of alcohol on the water surface, a is the radius of the contact area (see Figure 5 (b)),and β is the dimensionless coefficient. Thus, the motion of the marble may be described by the following equation:
Where cm x  is the acceleration of the center of mass of a marble, m is its mass, and fr F is the total friction force acting on a marble, built from three components: Considering Eq. 1 and the aforementioned analysis of the friction force yields the following expression for the stationary velocity of the center mass of the marble:
8 Thus, the scaling law for the stationary velocity of the center mass of the marble is supplied by:
and it turns out that the velocity of the center mass of the marble is independent on its volume. This prediction was checked experimentally for liquid marbles in which their volumes varied from 10 to 50 µl. 
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